If one is to examine the evolution of external gas exchangers (gills, skin, lung) it is useful to establish certain functional attainments common to all vertebrates. These might reveal primary functions which had to be preserved throughout the evolution. One might, for example, ask if the arterial 02 or CO2 tension or the H+ concentration is similar in all or most species; the answer appears to be 'No'. The 02 tension may vary from 30 to 110 mmHg, the CO2 tension from 2 to 60 mmHg, and the pH from 7-3 to 8-1 depending upon the species and the body temperature we choose. However, what is impressive is the fact that the blood pH appears to be a linear function of the body temperature in the few representatives we have investigated so far. As shown in Fig 1, this trend is parallel to the changing neutrality of water and suggests that while the absolute H+ concentration falls with the temperature, the relative alkalinity of blood remains constant and is similar among these vertebrates including man. The constant pH difference between neutrality of water and alkalinity of blood indicates that the ratio of (H+) at neutrality to (H+) in blood is a constant and is approximately 4. One can also express this as a constant (OH-)/(H+) ratio of about 25. While the relative alkalinity is constant and similar in these vertebrates at all temperatures, the CO2 tension must fall with decrease in temperature since the plasma bicarbonate level is only little affected.
These observations would indicate that the gas exchanger must provide in some common manner for the maintenance of a constant (OH-)/ (H+) ratio at all temperatures even though the 'The main speakers at this meeting were assembled in London to take part in the Ciba Foundation's Symposium on 'Development of the Lung', which is to be published by Messrs acclimatized to various temperatures. The blood pOH and neutrality ofwater, pN, are also shown PCO2, (H+), CO2 production, and ventilation vary among species. The importance of an adequate 02 tension in the blood is well illustrated by the enormous differences in ventilation between a gill breather and a lung breather. This is due to the very low 02 solubility and therefore 02 content of water compared with air. In order to maintain a given 02 tension in the water leaving the gill a fish must pump a volume of water which is 30 times greater (at 20°C) than the volume of air which has to be supplied to a lung breather with the same alveolar 02 tension and 02 uptake (Fig 2) . On the other hand, since the solubility of CO2 in water is large, fish have low CO2 tensions (1-3 mmHg).
Thus we can say that water-breathing organisms require very large ventilations in order to maintain adequate 02 tensions in their arterial blood. As a consequence the CO2 tension is extremely low and must be balanced by a very 40 30 10 20 30 40 OC Fig 2 The ratio between gill ventilation (VG) and lung ventilation (VA) required to maintain the same°2 and CO2 tension for a .given metabolic rate. These two ratios are shown as afunction oftemperature low bicarbonate concentration to preserve the necessary (OH-)/(H+) ratio.
On emergence upon' land and the acquisition of lungs the ventilation could now be reduced by some 30-fold and still maintain an adequate arterial 02 tension. However, the CO2 tension now had to rise appropriately and required a commensurate increase in plasma bicarbonate to preserve the necessary (OH -)/(H+) ratio. The large ventilation of the fish is in response to 02. As a consequence the CO2 tension is very low andrequires a low HCO3to preserve the appropriate (OH-)/(H+). In lung breathers the ventilation is reduced and the rise in CO2 tension requires now a large increase in HCO3-. The amphibia represent the critical transition period during which skin respiration was developed function is represented by the amphibia. These animals were the first to be confronted with a rising CO2 tension. They either had quickly to increase their bicarbonate concentration or to maintain a ventilation equivalent to their aquatic one. Skin respiration by convection served as an interim device for maintaining a relatively high ventilation, while the renal mechanism now had time to develop an appropriate bicarbonate level.
This change in ventilation and bicarbonate concentration during the evolution is pictured in
Only then could the skin be finally abandoned as a gas exchanger.
Dr E D Robin (Pittsburgh) said that people making complete gas measurements of hydrogen ion concentrations during hypothermia in man had become somewhat agitated by the fact that they had found alkaline pHs. This was an evolution of the basic physical-chemical principle. Dr Rahn's message should be interpreted in two ways. One was that measurements of hydrogen ion concentrations of patients maintained in the cold should be performed at body temperature. Secondly, in the case of a coldblooded specimen there was normally some alkali compared with a warm-blooded patient.
Dr J E Cotes (Cardiff) asked whether anything was known of the relative transfer or diffusion characteristics of the gas exchange organs in different species.
Dr E R Weibel (Zurich) said that he had once investigated the gills of some tadpoles, but not in that respect. He found that they had a very thick membrane, generally with a high epithelium. He thought that the whole effect should be investigated systematically.
Dr E D Robin (Pittsburgh), replying to another questioner who asked what happened to a fish which spent part of its time on land, like an eel, said that there was good evidence that part of the ability of an eel to survive relatively long periods in air was based on its ability to effect gas-exchange through the skin, and in this respect they were somewhat amphibian. He said that there were also species of fish, like the African lung fish, which had relatively well-developed sets of lungs and were capable of being terrestrial gas-exchangers, although their natural habitat was actually water.
Professor G M Hughes (Department ofZoology, University ofBristol)
Species Variation in Gas Exchange
The principal ways in which comparative studies may be of interest to those in medicine may be considered under three headings: (1) Knowledge can be gained regarding the possible phylogeny of the mammalian system and man.
(2) The study
